Bacillus anthracis toxins inhibit human neutrophil NADPH oxidase activity.
Bacillus anthracis, the causative agent of anthrax, is a Gram-positive, spore-forming bacterium. B. anthracis virulence is ascribed mainly to a secreted tripartite AB-type toxin composed of three proteins designated protective Ag (PA), lethal factor, and edema factor. PA assembles with the enzymatic portions of the toxin, the metalloprotease lethal factor, and/or the adenylate cyclase edema factor, to generate lethal toxin (LTx) and edema toxin (ETx), respectively. These toxins enter cells through the interaction of PA with specific cell surface receptors. The anthrax toxins act to suppress innate immune responses and, given the importance of human neutrophils in innate immunity, they are likely relevant targets of the anthrax toxin. We have investigated in detail the effects of B. anthracis toxin on superoxide production by primary human neutrophils. Both LTx and ETx exhibit distinct inhibitory effects on fMLP (and C5a) receptor-mediated superoxide production, but have no effect on PMA nonreceptor-dependent superoxide production. These inhibitory effects cannot be accounted for by induction of neutrophil death, or by changes in stimulatory receptor levels. Analysis of NADPH oxidase regulation using whole cell and cell-free systems suggests that the toxins do not exert direct effects on NADPH oxidase components, but rather act via their respective effects, inhibition of MAPK signaling (LTx), and elevation of intracellular cAMP (ETx), to inhibit upstream signaling components mediating NADPH oxidase assembly and/or activation. Our results demonstrate that anthrax toxins effectively suppress human neutrophil-mediated innate immunity by inhibiting their ability to generate superoxide for bacterial killing.